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Using two commercially available arbuscular mycorrhizal fungal (AMF) products, one based on 
Funneliformis mosseae and the other on Glomus dussii, an experiment was conducted to assess their 
effect on yam growth and ability to suppress nematode damage in pots. Four yam cultivars (cvs) were 
used: two Dioscorea alata cvs (TDa98-01183 and TDa98-165), and two Dioscorea rotundata cvs (TDr97-
00551 and TDr 745). Micropropagated yam plantlets were inoculated either with F. mosseae or with G. 
dussii at the stage of transplanting into 2L pots and - one month later - with 500 vermiform 
Scutellonema bradys. The plantlets were grown for further six months in the greenhouse at IITA-Ibadan. 
The results showed that the presence of AMF tended to lead to improved growth of yam, especially D. 
alata cvs, as compared with the non-arbuscular mycorrhizal control plants. When challenged with the 
yam nematode S. bradys, plantlets of the two D. alata cultivars pre-inoculated with F. mosseae and cv 
TDr97-00551 pre-inoculated with G. dussii yielded significantly higher tuber weights compared to non-
AMF control plantlets. S. bradys densities on yam plantlets pre-inoculated with AMF were generally 
suppressed, although no differences were observed in visible damage scores, which remained low or 
absent across treatments. 
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INTRODUCTION 
 
Scutellonema bradys (Andrassy, 1958) is the 
economically  most  important nematodes affecting yam 
in West Africa (Bridge et al., 2005; Coyne et al., 2005). 
It   is  a  migratory  endo-parasite  of  roots  and  tubers, 
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confined usually to the outer 1 to 2 cm of the tuber, 
feeding intracellular in yam tuber tissues. This results in 
ruptured cell walls, loss of cell contents, the formation of 
cavities (Castognone-Sereno and Kermarrec, 1988), 
tuber dry rot (Bridge et al., 2005), tuber decay and 
higher rates of desiccation (Nwauzor and Fawole, 
1981). Pesticides can be used for nematode control, but 
they are expensive, unavailable or highly toxic for both 
the user and the environment, constituting serious 
health hazards (FAO, 2014; WHO, 2015). Other 
nematode management practices, such as hot water 
treatment of tubers (Speijer, 1996; Coyne et al., 2007), 
use of cover crops (Claudius-Cole et al., 2001; Claudius-
Cole, 2005), trap crops (El-Nagdi and Youssef, 2004), 
chemical fertilizers (Baimey, 2005) or organic fertilizers 
(Adesiyan and Adeniji, 1976; Mcsorley, 2011) have 
been explored for yam. Recent progress in 
biotechnology has also shown that tissue culture of yam 
will lead to the disease and pest-free planting material, 
using aseptic in vitro meristem/shoot tip culture 
techniques (Ng, 1994). 
 However, the in vitro plants obtained are delicate and 
fragile, and not only free of pathogens, but also free of 
all natural beneficial microorganisms, such as arbuscular 
mycorrhizal fungi (AMF). AMFs are important elements 
of the soil microflora in agroecosystems, which form a 
mutualistic symbiosis with most plant species, including 
almost all plants currently micropropagated (Smith and 
Read, 2008). AMFs are active in increasing the 
availability and uptake of soil phosphorus and trace 
elements, thereby enhancing host plant growth 
(Ceballos et al., 2013; Cardio et al., 2015), can alleviate 
biotic and abiotic stresses (Alarcon et al., 2007; Baslam 
and Goicoechea, 2012; Boyer et al., 2015). Root 
colonization by AMF, in general, favors plant 
development by increasing nutrient uptake, hormonal 
activity, growth rate and consequently yield (Arriagada 
et al., 2007; Hart et al., 2014), but is also associated 
with pathogen suppression (Hol and Cook, 2005; Bisadu 
et al., 2012). Some AMF species have recently become 
available as commercial products for promoting crop 
productivity (BIORIZE Company
©
). 
 In tuber crops such as potato (Solanum spp.) and 
sweet potato (Ipomea batata), results following the 
application of commercial AMF products have shown 
that individual species of AMF formulation, and even 
combinations of a number of AMF species in a single 
formulation, differ in their ability to promote plant 
growth, which depends on the specific compatibility 
between plant and fungal species (Duffy et al., 1999; 
Deliopoulos  et  al.,  2007).  The  existence  of  the host 
 
 
 
 
 
plants increases the need for efficient screening of AMF 
for host-plant species compatibility and especially for 
broad-spectrum associations. On yam, few studies 
showed the efficiency of indigenous AMF on yam 
growth ( Lu et al., 2015). However, no studies have yet 
been reported on the efficiency of AMF isolates or 
species for promoting vitroplants growth and yield or 
nematodes management. The present study aimed at 
evaluating the effect of two commercial AMF products, 
based separately on F. mosseae and G. dussii, on yam 
growth parameters and on plant parasitic nematodes 
using in vitro cultures of four yam cultivars. 
 
 
MATERIALS AND METHODS 
 
Study site 
 
The experiment was conducted at the International Institute of 
Tropical Agriculture (IITA), Ibadan (Nigeria), in the Southern 
Guinea savanna zone of Nigeria (7°30’N, 3°05’E). The 
experiments were established under controlled conditions in the 
greenhouse. The mean daily temperatures ranging between 25°C 
and 32°C and humidity between 65% and 85%. The night 
temperature ranged between 18°C and 21°C and the humidty 
80% and 85%. The soil used for both experiments was collected 
from a depth of 0 – 15 cm at IITA Ibadan. Soil was passed 
through a 1 mm sieve to remove roots, sterilized by autoclaving in 
the oven at 80°C for 3 days and then air-dried. The soil was 
characterized as a sandy loam soil with a pH 6.0 and total 
nitrogen and available phosphorus of 0.7 g N kg-1 and 2.96 mg P 
kg-1, respectively (Oyekanmi et al., 2006). 
 
 
Source and acclimatization of yam plantlets 
 
For this experiment, in vitro tissue culture plantlets of D. alata 
(TDa 98-165, TDa 98-01183) and D. rotundata (TDr 745, TDr 87-
00551), selected due to their availability, were supplied by the 
Biotechnology unit of IITA-Ibadan (Nigeria). 
 
 
AMF inoculum and inoculation procedure 
 
Funneliformis mosseae and G. dussii were obtained from 
BIORIZE Company© (Dijon, France). These commercial inocula 
consisted of substrates, spores, hyphae and chopped infested 
fine roots, 2 g of which (representing approximately 300 spores) 
were inoculated to each plantlet at transplanting. A hole  c. 8 cm 
deep was made in the substrate at the middle of each 2-l pot 
using a pencil. The inoculum from 20 g of both AMF products. 
 
 
Scutellonema bradys inoculum and inoculation procedure 
 
S. bradys were collected from infected peels obtained from 
heavily infected tubers of D. rotundata cv TDr 131 from IITA-
Ibadan. To determine the nematode density for the required 
inoculum  of  S. bradys, the infected tubers were manually peeled
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using a kitchen peeler, and cut into c. 0.5 cm x 0.3 cm pieces 
(Baimey et al., 2005). Nematodes were extracted from the peels 
for 48 h using a modified Baermann pie pan method (Coyne et 
al., 2007). Prior to inoculation, the density of the S. bradys 
suspension, which had been adjusted to 100 ml with tap water, 
was estimated from 3 x 10 ml aliquots, after manually shaking 
without allowing the nematodes to settle down. For nematodes 
counting, a Leica Wild M3C stereomicroscope was used. Two 
months after planting, each plant was inoculated with 8 ml 
suspension of 500 vermiform S. bradys. A water control of 8 ml 
was added to the control plants. Plants were subsequently 
watered with 300 ml tap water per plant from the base. 
 
 
Approach 
 
The experimental treatments were F. mosseae alone, G. dussi 
alone, F.  mosseae + nematode, G. dussii + nematode and 
overall control (without any inoculum). The nematode inoculation 
were done at two levels (0 and 500). Sixty pots per yam cultivar 
were used, totalling 240 pots. The pots were randomly arranged. 
Plants received no fertilizer during the experiment and were 
watered regularly as required. 
 
 
Assessment of AMF spore density and root colonization  
 
Soil core samples were removed one day before harvest of yam 
tubers, according to Oehl et al. (2003). Roots were extracted by 
wet sieving and decantation, while the AMF spores were isolated 
by wet sieving and sucrose density gradient centrifugation (Oehl 
et al., 2004). The root colonization by AMF was determined 
according to Brundrett et al. (1996). The gridline-intersect 
technique (Giovannetti and Mosse, 1980) was used to analyse 
AMF colonization under a dissecting stereo microscope (Leica 
Wild M3C) at up to 90x magnification.  
 
 
Assessment of yam growth parameters at harvest 
 
The plants were harvested six months after transplanting into 
individual pots. The shoots were cut to soil level while tubers and 
roots were removed by hand, and soil gently removed away from 
them. The roots were removed with forceps and collected 
separately. Shoots, roots and tubers from each pot were rinsed 
gently under tap water, air dried and separately stored in labelled 
paper bags. Dry weight of shoots and roots were recorded 
following oven-drying in a well-ventilated Gallenkamp oven at 
80°C for 72 h. Only fresh tuber weight was recorded as they were 
used for planting in the subsequent season at field sites. Total dry 
root weights were calculated after taking into account material 
removed to determine mycorrhizal colonization and nematode 
density. 
 
 
Assessment of nematode density and tuber damage 
symptoms 
 
All tubers harvested were scored for dry rot severity. The tuber 
dry rot severity was assessed on a scale of 1-5 (Claudius-Cole et 
al., 2005). All tubers per pot were scored and mean scores 
calculated per pot when more than one tuber per pot was present. 
To assess nematode population density in roots, the complete 
root system of a plant was washed free of soil before chopping, 
mixing and removing 2 g subsamples for extraction using a 
modified Baermann method over a 48 h period (Hooper, 1986). S. 
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bradys densities were assessed for all sampled tubers from 5 g 
sub-samples of tuber peel. Using a kitchen vegetable peeler, 
several ‘strips’ of peel (outer cortex) 2 cm wide and 2 to 3 mm 
deep were removed from different portions of the tuber, chopped 
finely with a knife and 5 g sub-samples per tuber removed. 
Nematodes were extracted from each sub-sample using a 
modified Baermann method over a 48 h period (Hooper, 1986). 
Nematodes were also extracted from the soil of each pot by 
mixing all the contents of each pot, removing 3 x 50 g sub-
samples and extracting them using a modified Baermann Pie Pan 
method (Coyne et al., 2007). Nematodes were counted with a 
stereomicroscope at 400x magnification. 
 
 
Data analyses 
 
All data were analysed using STATGRAPHICS, version 9.1 in 
Windows 2010. Three-way ANOVA was used to compare yam 
growth parameters (shoot, root and tuber weight) between 
treatments. Data on nematodes and on mycorrhization were 
analysed by one-way ANOVA. Prior to analysis, AMF spore 
density and nematode population density data were log10 (x+1) 
transformed, while data on mycorrhizal colonization were arcsin 
(x/100) transformed for homogeneous variances. The differences 
among treatment means were compared with Fischer’s Least 
Significant Difference (LSD) Test. Pearson’s correlation 
coefficient were used to assess the association between root 
colonization and various growth parameters. 
 
 
RESULTS 
 
Effect of AMF and S. bradys inoculation on yam 
root colonization and plant growth parameters 
 
Mycorrhizal root colonization was moderately high 
(between 17% and 44%) with a significant interaction 
occurring between AMF inoculation and nematode 
inoculation (Table 1). Higher colonization by AMF was 
recorded from all cultivars inoculated with F. mosseae, 
compared to G. dussii in the treatment without S. 
bradys, while in the treatments with S. bradys, higher 
colonization by AMF was recorded from all yam 
cultivars except for cv. TDa98-165 inoculated with G. 
dussii (Table 2). Spore production was affected by both 
yam cultivars and S. bradys inoculation (Table 1). A 
higher spore density was recorded from cv TDr745 
inoculated with G. dussii without S. bradys inoculation 
compared to cv. TDr745 plantlets inoculated with G. 
dussii and S. bradys (Table 2). 
Irrespective of S. bradys inoculation, dry weight and 
number of tubers were significantly affected by AMF 
inoculation (and yam cultivar (Table 1). AMF inoculation 
did not affect shoot or root weight. S. bradys inoculation 
significantly affected tuber dry weight, shoot dry weight 
and root dry weight (Table 1). Without S. bradys 
inoculation, application of each AMF species led to a 
significantly higher tuber weight and number of tubers 
than the control for TDa98-01183 (Table 3). In addition, 
G. dussii application induced higher shoot and
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Table 1. Analysis of variance table for yam cultivar, inoculation of arbuscular mycorrhizal fungi1 and Scutellonema 
bradys2 factors effects on micropropagated yam plantlet growth (tuber dry weight (TDW), shoot dry weight (SDW), root 
dry weight (RDW)), tuber number (Tuber No.)), AMF development (root colonization, spores production) and  
nematode parameters (cracking, population densities in tuber, soil and root) from a pot study conducted in 
greenhouse conditions at IITA-Ibadan, Nigeria, West Africa. 
 
Variable 
Factors 
Cultivar (A) AMF (B) S. bradys (C) AxB AxC BxC AxBxC 
Colonization        
Df 3 2 1 6 3 2 6 
F 2.27 131.5 1.16 1.00 2.12 4.3 1.56 
P 0.08 <0.001 0.18 0.42 0.09 0.02 0.16 
        
Spores        
Df 3 2 1 6 3 2 6 
F 207.3 586.6 48.5 70.7 9.4 12.3 25.5 
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
        
TDW        
Df 3 2 1 6 3 2 6 
F 11.83 39.44 28.19 0.64 1.29 2.07 0.93 
P <0.001 <0.001 <0.001 0.69 0.27 0.12 0.47 
        
SDW        
Df 3 2 1 6 3 2 6 
F 2.42 2.13 4.98 3.51 2.72 2.02 2.62 
P 0.06 0.12 0.02 0.002 0.04 0.13 0.018 
        
RDW        
Df 3 2 1 6 3 2 6 
F 0.70 0.13 5.80 1.57 2.10 0.53 1.60 
P 0.55 0.87 0.01 0.15 0.10 0.58 0.14 
        
Tuber No.        
Df 3 2 1 6 3 2 6 
F 3.64 4.07 0.75 1.81 1.81 0.94 0.90 
P 0.01 0.01 0.38 0.09 0.14 0.39 0.49 
        
Tubers cracking        
Df 3 2 1 6 3 2 6 
F 3.35 1.8 12.30 3.10 5.83 1.10 3.05 
P 0.02 0.16 <0.001 0.006 <0.001 0.33 0.006 
        
S. bradys densities in tuber        
Df 3 2 1 6 3 2 6 
F 1.20 83.69 567.31 1.91 1.19 86.5 2.63 
P 0.21 <0.001 <0.001 0.08 0.23 <0.001 0.01 
        
S. bradys densities in root        
Df 3 2 1 6 3 2 6 
F 1.33 76.74 488.5 1.98 1.33 76.7 1.98 
P 0.26 <0.001 <0.001 0.06 0.26 <0.001 0.06 
        
S. bradys  densities in soil        
Df 3 2 1 6 3 2 6 
F 0.73 26.6 363.2 6.58 0.73 26.7 6.9 
P 0.53 <0.001 <0.001 <0.001 0.53 <0.001 <0.001 
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Table 2. Effect of arbuscular mycorrhizal fungal (Funneliformis mosseae and G. dussii) and Scutellonema bradys 
inoculation on root colonization and spore production of two cultivars of Dioscorea rotundata (TDr745, TDr87-00551) 
and two D. alata (TDa98-165, TDa98-01183) in pots under greenhouse conditions at IITA-Ibadan, Nigeria, West Africa. 
 
Treatments 
AMF Root colonization (%)  AMF spore density (30 cm
-3
 of soil) 
Non-inoc  Inoc Non-inoc Inoc 
TDa98-165      
Control -  - - - 
F. mosseae 35.96.5
a
  30.93.3
a
 19.32.1
a
 16.21.5
a
 
G. dussii 24.43.6
b
  23.42.7
b
 21.81.5
a
 14.20.8
a
 
P value 0.03  0.023 0.21 0.32 
      
TDa98-01183      
Control -  - - - 
F. mosseae 44.044.6
a
  22.63.1
b
 19.81.7
a
 19.010.8
a
 
G. dussii 21.54.8
b
  29.14.3
a
 13.50.8
a
 11.20.8
a
 
P value <0.01  0.04 0.16 0.09 
      
TDr745      
Control -  - - - 
F. mosseae 31.14.3
a
  17.13.3
b
 28.32.6
b
 25.61.4
a
 
G. dussii 19.83.7
b
  24.45.3
a
 52.53.1
a
 16.61.8
b
 
P value 0.04  0.02 <0.01 <0.01 
      
TDr97-00551      
Control -  - - - 
F. mosseae 22.93.6
a
  29.75.4
a
 79.34.2
a
 52.65.6
a
 
G. dussii 22.023.7
a
  27.19.6
a
 39.92.1
a
 48.62.6
a
 
P value 0.23  0.08 0.07 0.13 
 
Non-inoculated AMF treatments were free of colonization and spore production. - = data collected were zero and were 
omitted from statistical analysis. Values = mean ( SE) of ten replicates (non- transformed data) at harvest seven and five 
months after AMF and S. bradys inoculation respectively; Inoc = inoculated with S. bradys; Non-inoc = non-inoculated with S. 
bradys; Means followed by the same letter within a column for each cultivar were not significantly different (p > 0.05) 
according to the protected Least Significant Difference test (LSD).  
 
 
 
root dry weights of TDr97-000551 than the controls 
(Table 3). With S. bradys inoculation, only plantlets from 
cvs TDa98-165 and TDa98-01183 inoculated with F. 
mosseae yielded higher (p <0.01) than controls, while a 
higher number of tubers was recorded from cv TDr97-
00551 when plantlets were inoculated with F. mosseae 
compared to controls (Table 3). Tuber cracking, and 
rotting severity were assessed on an arbitrary scale 
from 1 to 5 described by Claudius-Cole et al. (2005) 
where 1 = clean tuber; 2 = 1-25% tuber skin showing 
cracking or galling or dry rot symptoms (low level of 
damage); 3 = 25-50% of tuber skin showing cracking or 
galling or dry rot symptoms (low to moderate level of 
damage); 4 = 51-75% tuber skin showing cracking or 
galling or dry rot symptoms (moderate to severe level of 
damage); 5 = 76-100 % tuber skin showing cracking or 
galling or  dry  rot  symptoms  (high  level  of  damage).
1 
AMF inoculated at rate of 300 spores per pot at yam 
plantlets transplanting into individual pot.
2
 S. bradys 
inoculated at rate of 500 vermiforms two months after 
AMF inoculation. 
Across all cultivars, a negative correlation was 
observed between root colonization and tuber fresh 
weight (p = 0.0002) (Table 4). Within each cultivar, a 
negative correlation was observed between root 
colonization and tuber fresh weight for three of the four 
assessed cultivars: TDa98-165, TDa98-01183 and 
TDr745 (p = 0.0038, 0.0142 and 0.0147 respectively) 
(Table 4). 
 
 
Effect of AMF inoculation on yam tuber quality and 
S. bradys density 
 
The  AMF  inoculation  apparently did  not  influence the
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Table 3. Effect of arbuscular mycorrhizal fungal (Funneliformis mosseae and G. dussii) and Scutellonema bradys inoculation on 
micropropagated yam plantlet growth (tuber fresh weight (TFW), shoot dry weight (SDW), root dry weight (RDW), tuber number (Tuber No.) 
of two cultivars of Dioscorea rotundata (TDr745, TDr87/00551) and two cultivars of D. alata (TDa98-165; TDa98-01183) in pots study under 
greenhouse conditions at IITA-Ibadan, Nigeria, West Africa. 
 
Treatments TFW (g) SDW (g) RDW (g) Tuber No. 
 Non-inoc Inoc Non-inoc Inoc Non-inoc Inoc Non-inoc Inoc 
TDa98-165         
Control 9.82.2
a
 3.61.2
b
 1.40.4
b
 1.90.4
b
 2.81.1
a
 1.30.2
a
 1.10.3
a
 1.30.2
b
 
F. mosseae 12.52.3
a
 15.54.5
a
 3.50.6
a
 4.11.2
a
 3.20.9
a
 1.60.6
a
 1.70.4
a
 2.60.6
a
 
G. dussii 3.11.4
b
 6.22.1
b
 3.70.9
a
 0.60.1c 1.80.6
a
 0.60.1
a
 1.40.6
a
 1.10.3
b
 
P value 0.029 0.04 0.05 0.01 0.07 0.35 0.36 0.03 
         
TDa98-01183         
Control 9.31.3
b
 11.91.5
b
 3.60.7
a
 1.30.4
a
 3.30.7
a
 2.00.9
a
 1.10.4
a
 1.30.3
a
 
F. mosseae 16.73.8
a
 23.33.6
a
 1.90.4
a
 3.80.8
a
 2.40.8
a
 2.00.7
a
 1.00.1
a
 1.60.4
a
 
G. dussii 13.33.4
a
 11.61.1
b
 2.90.6
a
 3.40.9
a
 2.50.7
a
 1.60.5
a
 1.30.5
a
 1.40.6
a
 
P value 0.005 0.0013 0.14 0.08 0.31 0.66 0.33 0.48 
         
TDr745         
Control 7.31.5
a
 4.918.8
a
 3.41.3
a
 3.40.8
a
 1.60.5
a
 1.10.2
a
 1.20.1
a
 1.10.2
a
 
F. mosseae 6.80.6
a
 6.91.7
a
 3.70.9
a
 2.70.9
a
 1.80.5
a
 1.40.4
a
 1.30.1
a
 1.00.0
a
 
G. dussii 8.112.2
a
 5.21.4
a
 2.70.6
a
 1.20.4
a
 3.10.8
a
 1.50.8
a
 1.30.1
a
 1.30.2
a
 
P value 0.06 0.07 0.07 0.16 0.19 0.86 0.56 0.71 
         
TDr97-00551         
Control 9.82.3
a
 2.70.6
b
 3.80.6
b
 3.61.2 2.30.8
b
 2.10.7
a
 1.10.2
a
 1.00.1
a
 
F. mosseae 13.83.1
a
 2.70.6
b
 3.80.6
b
 3.61.2 2.30.8
b
 2.10.7
a
 1.30.2
a
 1.10.1
a
 
G. dussii 3.11.1
b
 10.81.8
a
 4.10.7
a
 3.31.1 3.90.5
a
 1.30.5
a
 1.00.0
a
 1.30.2
a
 
P value <0.001 0.01 <0.001 0.8 0.002 0.6 0.53 0.39 
 
Values = mean ( SE) of ten replicates at harvest seven and five months after AMF and S. bradys inoculation respectively; Means followed by the 
same letter within a column for each cultivar were not significantly different (P > 0.05) according to the Protected Least Significant Difference test 
(LSD). Inoc = inoculated S. bradys; Non-inoc = non-inoculated with S. bradys.  
 
 
 
Table 4. Pearson correlation analysis between arbuscular mycorrhizal fungal root colonization and yam plant growth parameters (tuber 
number, tuber fresh weight) or nematode damage scores (cracking, dry rot). 
 
Cultivars Correlation Tuber No. TFW Cracking Dry rot 
All cultivars Correlation 0.00019 -0.24101 -0.0144 0.03015 
TDa98-165 Correlation 0.12556 -0.36800 -0.2746 -0.0746 
TDa98-01183 Correlation 0.21152 -0.31521 .10099 0.16321 
TDr 745 Correlation 0.12436 -0.31367 -0.0878 -0.0154 
TDr87-00551 Correlation 0.11005 -0.17042 0.07170 0.06486 
 
Tuber No. = Tuber number, TFW = tuber fresh weight. 
 
 
 
severity of S. bradys damage recorded as cracking 
(Table 1). Across the treatments, symptoms were very 
low in general (Table 5). Tuber cracking was 
significantly lower though, where AMF species were 
applied compared with controls for cvs TDa98-165 and 
TDr745, while tuber dry rot was significantly lower for cv 
TDr745 (Table 5). Interestingly, AMF inoculation 
significantly suppressed S. bradys densities in roots soil 
and in tubers (p<0.05)  on plantlets where both AMF + 
S. bradys were inoculated, compared to S. bradys 
inoculation only .Tubers, roots and soil from non-
inoculated nematode treatments were free of nematode
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Table 5. Scutellonema bradys population densities and tuber damage at the harvest seven and five months after AMF (F. mosseae 
and G dussii) and S. bradys inoculation respectively to yam micropropagated plantlets of two cultivars of Dioscorea rotundata 
(TDr745, TDr87/00551) and two cultivars of D. alata (TDa98-165; TDa98-01183) under screenhouse growth conditions at IITA-
Ibadan, Nigeria, West Africa. 
 
Treatments 
1
S. bradys density (root) 
2
S. bradys density (soil) 
3
S. bradys density (tuber) 
3
Tubers cracking 
Non-inoc Inoc Non-inoc Inoc Non-inoc Inoc Non-inoc Inoc 
TDa98-165         
Control - 48.6±6.8
a
 - 5.2±1.01 - 08±4.8
a
 1.0±0.0 1.6±0.1 
G. mosseae - 23.8±2.2
b
 - 6.3±1.5 - 03.8±2.2
b
 1.0±0.2 1.6±0.2 
G. dussii - 20.3±3.2
b
 - 2.9±0.67 - 02.3±3.2
b
 1.1±0.1 1.4±0.2 
P value  <0.001  0.1±04 - <0.001 0.6 0.08 
         
TDa98-01183         
Control - 69.0±4.5
a
 - 11.4±1.2 - 09.0±4.5
a
 1.0±0.0 1.2±0.1 
G. mosseae - 21.8±6.5
b
 - 2.5±0.6 - 01.8±2.5
b
 1.1±0.1 1.1±0.2 
G. dussii - 20.4±3.2
b
 - 3.8±0.8 - 02.4±1.2
b
 1.0±0.0 1.4±0.2 
P value  <0.001  <0.001 - <0.001 0.13 0.23 
         
TDr745      -   
Control - 73.2±4.6
a
 - 6.3±1.2 - 10.2±4.6
a
 1.1±0.1 1.6±0.3
a
 
G. mosseae - 20.3±2.3
b
 - 6.0±0.8 - 04.3±2.3
b
 1.2±0.1 0.7±0.1
b
 
G. dussii - 17.9±2.0
b
 - 3.3±0.5 - 02.9±2.0
b
 1.2±0.1 0.8±0.1
b
 
P value  <0.001  0.055 - <0.001 0.07 0.04 
         
TDr97-00551         
Control - 70.5±8.4
a
 - 9.3±0.8
a
 - 07.5±2.4
a
 1.1±0.1 1.2±0.2 
G. mosseae - 18.4±9.8
b
 - 2.0±0.4
b
 - 02.4±1.8
b
 1.0±0.0 1.6±0.3 
G. dussii - 32.2±7.5
b
 - 3.9±1.06
b
 - 02.2±1.5
b
 1.0±0.0 1.8±0.3 
P value  <0.001  <0.001 - <0.001 0.9 0.23 
 
 
 
where - = no data were collected. Analysis and means 
separation of nematode densities were undertaken on 
log10(x+1) transformed data; 1- Nematode density per 
5-g of root; 2- Nematode per 50 g soil. 3- Nematode per 
5 g yam peels. Values were mean (±SE) (non- 
transformed data) of ten replicates. For each yam 
cultivar treatments means were compared by columns 
and means followed by different letters were significant 
difference (P < 0.05) according to the protected least 
significant different test (LSD). Inoc = inoculated S. 
bradys and non-inoc = non-inoculated with S. bradys. 
 
 
DISCUSSION 
 
To date no data exist on the interaction and protective 
potential of AMF against S. bradys on yam. In vitro 
plantlets were used as an initial starting point to assess 
the potential of AMF on yam, with and without challenge 
from nematodes. The general observation from our 
results is that, without nematode inoculation, AMF 
inoculation significantly increased number and weight of 
tubers, but that the degree of effectiveness depends  on 
yam cultivar and on AMF species. The latter confirms a 
previous result carried out with 13 AMF species and 41 
AMF isolates (Tchabi et al., 2010). AMF colonization 
was also reported to increase yam yields in Nigeria 
(Oyetunji and Afolayan, 2007). Tuber Plant growth 
promotion in relation to AMF colonization is a well-
established phenomenon across crops and climatic 
zones (Chaurasia and Khare, 2005; Caglar and Akgun, 
2006; Antunes et al., 2011; Ceballos et al., 2013). In the 
current study, perhaps the most interesting result was 
that yam cultivars from D. alata species responded 
more efficiently to AMF inoculation compared to D. 
rotundata cultivars. One possible explanation could be 
related to the morphology and physiology of the two 
yam species. D. alata cultivars have larger leaves, 
intercepting more light for photosynthesis than D. 
rotundata species (Orkwor and Ekanayake, 1998), and 
probably transfer more carbohydrate to AMF, which in 
return uptake and transfer nutrients to the plant leading 
to greater tuber production. Furthermore, a possible 
difference in the change of phytohormone balance 
following the association between some yam cultivars 
and  AMF  may  explain   differences   in   yam   cultivar 
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response to AMF inoculation (Allen et al., 1980). Such 
differences in response to AMF inoculation among plant 
cultivars are reported (Johnson et al., 1997; Klironomos, 
2003), indicating the variable response in root 
colonization, in phosphate and nitrogen uptake and 
fungal phosphate metabolism (Smith al., 2003; Mensah 
et al., 2015). 
In contrast to the high colonisation, there was negative 
correlation between root colonisation and tuber weight. 
This result may be attributed to AMF functionality 
specificity. It was proposed by Johnson et al. (1997) 
that mycorrhizal association could be considered as 
symbioses, but the functional range along a continuum 
of parasitism to mutualism may vary according to 
environmental conditions (climate, temperature, 
abundance of soil nutrients, presence or absence of 
pathogens, etc.), the host plants genotype (Klironomos, 
2003) and the differences in phosphate and nitrogen 
uptake and fungal phosphate metabolism (Mensah et 
al., 2015). The negative correlation should probably 
indicated that both commercial AMF species were not 
compatible to promote the four yam cultivars growth 
used in the present experiment (Klironomos, 2003; Lu 
et al. 2015) thus, selecting effective AMF species is 
necessary to facilitate yam growth and improve quantity 
of yam tubers and the protective effect against yam 
nematode. Yam in vitro plantlets inoculated with F. 
mosseae, followed by S. bradys, produced heavier 
tubers compared to S. bradys alone for TDa98-165, 
TDa98-01183 and TDr97-00551. Interestingly, a 
stimulatory effect on tuber weight was observed for 
plantlets inoculated with both F. mosseae and S. bradys 
compared to single inoculation of F. mosseae or G. 
dussii using cv TDa98-01183. These results indicate 
that AMF can lead to suppression of nematode damage 
through the phenomenon of compensation (Smith and 
Read, 2008). Other authors undertaken similar 
observations and established that a low nematode 
population in dual combination with endophytic 
microbes could stimulate host plant growth and yield 
(Brown and Kerry, 1987; Hao et al., 2005; Zum-Felde et 
al., 2006). Also, considering that tuber formation in yam 
is hormonally mediated (Okwor and Ekanayake, 1998), 
it may be hypothesized that F. mosseae, in combination 
with S. bradys challenge, affected the hormone balance 
in yam plantlets (e.g. increased synthesis of growth 
regulators in response to nematode infection), leading 
to increased production of yam tubers. McKenry et al. 
(2001) reported that grapevine (Vitis spp.) (cvs VR 039-
16, Schwarzmann,
 
and Freedom rootstocks) had grown
 
larger in the presence of Xiphinema americanum than 
in its
 
absence. 
The present study showed a reduction of nematode 
density. The mechanism by which AMF reduces 
nematode damage has not been fully determined. 
Hypotheses    range    from   depression   of   nematode 
 
 
 
 
development by competition for nutrient and space 
(Smith et al., 1986; Elsen et al., 2008), microbial 
changes in the mycorrhizosphere that disturb nematode 
chemotaxis (Linderman, 1988; Brussaard et al., 2007) 
to induced resistance through a pre-activation of gene 
and corresponding proteins responsible for plant 
defence against pathogen attacks (Slezack et al., 2000; 
Deliopoulos and Haydock, 2003). For an efficient option 
for using AMF to protect against nematode damage, 
AMF essentially need to be established in the roots 
before nematode attack in order to provide biological 
control review (Borowicz, 2001; Diedhiou et al., 2003). 
For this reason, the ‘impregnation’ of AMF at weaning 
of in vitro plantlets would appear suitable and 
appropriate, before planting out in the field, where 
nematode (and other pest and disease) challenge 
would occur. Tubers were also assessed for symptoms 
of dry rot and cracking. The fact that the tubers cracking 
and dry rot symptoms in mycorrhizal yam were not 
significant different compared to non-mycorrhizal plants 
indicates probably that the damage of S. bradys occurs 
less during harvest period (Meerman et al., 2000) but 
occurs mostly during storage period (Bridge, 1973). The 
reason for this is that the multiplication of S. bradys in 
yam tubers is greatest and most severe, during storage 
(Cadet and Queneherve´, 1994). Damage to yield may 
occur, however, damage and losses correlate with 
duration of the tuber storage period (Bridge et al., 
2005). 
 
 
Conclusion 
 
Our results have shown for the first time that a 
commercial AMF can stimulate yam growth parameters. 
However, AMF species influence on plant growth 
appears highly dependent on the plant genotype with 
which they are associated. Taking into consideration 
tuber weight, number of tubers, AMF attributes, and 
nematode management, F. mosseae, was a more 
effective AMF symbiont for association with yam 
plantlets under the conditions of the study (in pots on In 
vitro plant) than G. dussii originating from West Africa. 
Further studies are needed to verify this hypothesis, 
which is also likely to vary with cropping environment, 
crop and cultivar. Alternatively, inoculation with two 
fungal taxa in dual combination might improve the 
overall synergistic interaction between plants and fungi 
and may reflect the possible different roles of AMF 
within a fungal community (van der Heijden and Kuyper, 
2001), towards resolving the selection problem for the 
most specific fungal partner. 
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